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Effect of feeding chopped and pelleted lucerne on rumen fungal mass, 
fermentation profiles and in sacco degradation of barley straw in sheep 
 
Abstract 
 
The experiment was conducted to study the effects of dietary changes on anaerobic fungal 
population assessed by rumen chitin content as a marker. Four rumen fistulated sheep were 
fed different portions of chopped and pelleted Lucerne (0, 30, 70 and 100%) in a 4 × 4 Latin 
square design. Samples of whole rumen contents were collected at 0, 4, 8, 16, 22 h post-
feeding, then fractionated into plant particlulate (PLP) and strained rumen fluid (SRF) to 
measure the chitin component of each fraction. In addition, rumen pH and VFA concentration, 
and in sacco degradability of barley straw were also measured as some indices of rumen 
fermentation pattern. The level of chitin in SRF was about three time higher than that of 
associated plant particulate (PLP) samples. Changes in the level of chitin in SRF and PLP 
samples were not significant when different proportions of chopped and pelleted lucerne were 
included in the diet. Nevertheless, there was a higher level of chitin in the rumen of sheep fed 
a diet of 100% chopped lucerne (WCL) compared to that of 100% pelleted lucerne (WPL). 
The rate of the straw degradability was also higher on WCL diet than that in WPL diet after 8, 
16, and 24 h of incubation. The highest concentration of total VFA was observed in WPL diet 
at 2 h after feeding. However, no significant differences were observed between the diets in 
the mean pH of rumen fluid, the total concentration of VFA and in the molar proportion of 
individual VFA at different sampling times. From these results, it appears that the mechanical 
processing of the forage may affect the activity of fungal populations in the rumen.  
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Abreviations: ADF, acid detergent fibre; ADL; acid detergent lignin; DM, dry matter; HCL, 
high chopped lucern; LCL, low chopped Lucerne; NDF, neutral detergent fibre; OM, organic 
matter; PLP, associated plant particulate; Rsd, residual standard deviation; SE; standard error 
of mean; SRF, strained rumen fluid; T, lag time; VFA, volatile fatty acids; WCL, whole 
chopped Lucerne; WPL, whole pelleted Lucerne  
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1. Introduction 
 
The fundamentally important process of plant cell wall digestion by ruminants is 
dependent upon colonisation and digestion within the very complex microbial ecosystem of 
the rumen (Cheng et al., 1983/84). Protozoa, bacteria and fungi are the main components of 
the microflora involved in this fermentation process (Hobson and Stewart, 1997; Dehhority, 
2003). It has been reported that the reduction of particle size (chopping, grinding and pelleting 
of forages) could increase the relative surface area of forages for enhanced microbial 
colonisation and consequently the  effectiveness of their cell wall degrading enzymes (Fahey 
et al., 1993; Stewart, 1994). Although it is recognised that the cellulolytic bacteria are the 
major contributors to plant cell wall digestion in the rumen (Chesson and Orskov, 1984), the 
involvement of anaerobic fungi in this process has also been demonstrated (Akin and 
Borneman, 1990; Mountfort and Orpin, 1994). However, despite the reported capability of 
these fungi to degrade various lignocellulosic tissues (Hespell et al., 1997), only limited work 
on the effects of physical treatment of forages upon fungal growth and their potential 
degradation have been reported (Lowe et al,. 1987). A higher in vitro fibrolytic activity and 
thallus development of rumen anaerobic fungi has also been reported when growing on alkali 
treated barly (Chaudhry, 2000) or wheat starw (Rezaeian et al., 2005). On the other hand, 
Lowe et al. (1987) found that the rate and extent of formate accumulation and loss of substrate 
dry weight were not significantly different when fungi were grown on milled or unmilled 
wheat straw. However, rumen conditions are different from those found in in vitro cultures, 
particularly since the passage of particles correlates with their physical properties such as their 
size and the specific gravity of the forage (Faichney, 1993). To the best of our knowledge, no 
information is available yet on the effect of particle size upon in vivo development and activity 
of anaerobic fungi.  
5 
 
Due to the complex nature of the rumen ecosystem and the difficulty of measuring fungal 
populations in vivo (Mountfort, 1994) quantitative comparisons of fungal biomass in animals 
is very difficult and none of the various techniques (Joblin, 1981; Theodorou et al., 1990; 
Obispo and Dehority, 1992) available for the measurement of rumen fungi are completely 
satisfactory (Orpin and Joblin, 1997). Amongst non-photosynthetic microbes, chitin is only 
found in fungi (Rogers and Perkins, 1968). Measurement of this polymer has therefore been 
used to estimate fungal biomass and their growth in vitro (Gay, 1991; Morgavi et al., 1994) 
and in vivo (Argyle and Douglas, 1989). Chitin analysis of different fractionations of strained 
rumen fluid has also suggested that rumen fungi could be the the main source of chitin content 
(Rezaeian et al., 2004). 
 
The objective of this study was to investigate the effect of the mechanical processing 
(chopping and pelleting) of forage on both the level of chitin in the rumen as a marker of 
anaerobic fungal population, ruminal fermentation profile and on the rate and extent of straw 
degradability which may be expected to result in part from fungal activity.  
 
2. Materials and methods  
 
2.1. Animals and Experimental Design 
 
Four sheep each fitted with a rumen fistula (average live weight 42 kg) were used in this 
study. Sheep were Suffolk wethers and individually kept in metabolism crates with a steel 
mesh floor panel. Sheep had free access to water and licks of rock salt was always available. 
Environmental temperature was maintained at 12-15 oC and artifitial light provided for 14 h a 
6 
day. Each animal was fed four different diets over four periods in a 4 x 4 Latin square design. 
Each period lasted for 28 days including 14 days of adaptation to changing diets. 
 
2.2. Diets 
 
The sheep were fed on four different diets each consisted of 1.4 kg (on dry matter basis) 
of chopped lucerne (2 to 5 cm length) and/or pelleted lucerne both supplemented with 5 % 
molasses. The diets components were: 1. Whole (100% ) chopped lucerne (WCL), 2. Low 
chopped lucerne (30% chopped lucerne and 70% pelleted, LCL), 3. high chopped lucerne 
(70% chopped lucerne and 30% pelleted, HCL) and 4. whole (100%) pelleted lucerne (WPL). 
Diets were offered once a day at 9.00 a.m. Both chopped and pelleted lucerne were purchased 
from Dengie Crops Ltd (Hall Road, Asheldham, South Minster, Essex). The chemical 
composition of the dietary components is summarised in Table 1.  
 
2.3. Confirmation of the presence of fungi in the rumen 
 
The presence of anaerobic fungi in the rumen of each animal was confirmed using the 
isolation procedure involving in sacco incubated milled straw (Rezaeian et al., 2004). Dacron 
bags containing milled barley straw were inserted into the rumen of sheep on day 13 of each 
experimental period and then used as the source of inoculum to isolate anaerobic fungi after 
24 h our incubation in rumen. Liquid culture medium C (Davies et al., 1993) was used to 
grow fungi using 60 ml serum bottles under anaerobic conditions. Microscopic examination of 
samples of the strained rumen fluid being collected 2 h after morning feeding were also 
performed to determine the presence of the fungal zoospores. 
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2.4. Collection of samples 
 
Samples of whole rumen content (ca. 200 g) were collected just before feeding (0 h) and 
at 2, 4, 8, 16 and 22 h post-feeding in each period and were strained through two layers of 
muslin and pH was measured immediately. Two ml of the strained rumen fluid (SRF) was 
added to 0.5 ml of a deproteinasing solution (metaphosphoric acid 400g L-1) in 5 ml test tube 
and kept at -20 oC until being analysed for VFA measurements. 20 ml of the SRF was also 
transferred into the universal tubes and then centrifuged immediately at 3200 ×g for 15 min at 
5oC. The pellet was then freez dried and used for chitin analysis. About 20 mg of the 
associated plant particulate materials (PLP) remained from straining of rumen contents was 
sampled, freez dried and kept for chitin analysis. All of the samples were taken on Day 18 of 
the experiment except for the 2 h samples which were collected on Day 17 and a sub-sample 
used for the direct microscopical observation of the fungal zoospores. Fresh faecal samples 
were collected on Day 16 of each experimental period and used for the isolation of fungi 
(Rezaeian et al., 2004). In the fourth period of the experiment, one of the sheep refused to 
consume all of the diet and was eliminated from the experiment. Sample collections were not 
performed from that animal. 
 
2.5. In sacco degradability measurements 
 
Sample of a milled (1 mm) barley straw (about 5 g) was weighed into the dacron bag (19 
× 10 cm with 45 µm pore size) and then placed in the rumen for 4, 8, 16, 24, 48 and 72 h 
incubation. All the samples were prepared in duplicate and inserted into rumen of the sheep 
via fistula for each experimental period just before feeding time. At the end of the incubation 
period, the bags were removed and carefully washed by hand under tap water until the 
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washing water remained clear in order that the rumen debris adhering to the bags was 
removed. The soluble fraction was determined by placing bags in water at 39°C for 30 min. 
All the residual samples were stored at -20oC until being freeze dried. Dried samples were 
then weighed to determine dry matter disappearence. The degradability data obtained from 
each sheep in each period were fitted to the model of McDonald (1981) using the NEWAY 
program (Rowett Research Institue). The effective degradability was calculated using an 
assumed fractional outflow rate of 0.05 h-1 based on AFRC (1993). 
 
2.6. Chemical analysis 
 
2.6.1. Determination of feedstuff composition 
 
Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin 
(ADL) contents of feedstuff were determined from the freeze dried samples of feedstuffs 
using the method of Van Soest et al. (1991). Alpha amylase was not used but sodium sulfite 
was added to each sample separately. NDF was expressed as ash free NDF. Crude protein (N 
x 6,25) were determined according to AOAC (1989). All samples were analysed in duplicate. 
 
2.6.2. Determination of  VFA 
 
The samples of rumen fluid in deproteinising solution were thawed and centrifuged at 
15000 rpm for 10 minutes. About 600-800 µl of each supernatant was drawn off and 
transferred into a vial and capped. The molar concentration and molar proportion of volatile 
fatty acids (VFA) in the samples were determined by a gas liquid chromatograph (PUH 550, 
Pye Unicam Ltd, Cambridge, England). using the procedure of Ottenstein and Bartley (1971).  
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2.6.3. Chitin assay 
 
Freez dried samples (ca. 150 mg) of SRF and PLP were prepared and analysed for chitin 
measurement as described by Rezaeian et al. (2004). Analysis of chitin was carried out after 
hydrolysing of samples with 6 ml of 6 N HCl in a universal centrifuge tube. Then the chitin 
content of samples was determined from the glucosamine hydrochloride equivalent resulting 
from hydrolysis as described by Chen & Johnson (1983) and expressed as mg/kg DM of either 
SRF or PLP. 
 
2.7. Statistical analysis 
 
Results were statistically analysed as a 4 × 4 Latin Square designe. Analysis of variance 
was performed using the GLM procedure from the Minitab program to estimate variation 
between animals, between treatments and between periods. Treatment means of rumen pH, 
VFA and chitin content of SRF and PLP samples were then tested for significant differences 
according to Tukeys multiple comparison test (Tukey, 1949). Significance was declared if 
p<0.05. For analysis of variance, the missing values related to the sheep which was eliminated 
from the fourth period of the experiment were estimated based on the method described by 
Cochran and Cox (1992) for a 4 × 4 Latin Square design.   
 
3. Results 
 
3.1. Fungal isolation 
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Microscopical observations of strained rumen fluid samples taken 2 h after feeding 
showed the presence of motile zoospores in all of the samples at all experimental periods. 
Anaerobic fungi were also isolated from all of the animals using either in sacco incubated 
milled straw or faeces samples as the inoculum. The morphological characteristics of 
zoospores and rhizoidal systems of the isolated fungi from the rumen and faeces were 
approximately the same in each animal. No obvious changes were observed between the 
anaerobic fungi isolated from the animals fed on different diets. The fungi had multiflagellate 
zoospores and an extensive rhizoidal systems characteristic of Neocallimastix species. 
 
3.2. Rumen fermentation 
 
The mean values for pH, the concentration of total volatile fatty acid and the molar 
proportion of individual VFA from the rumen fluid samples taken at different times after 
feeding are given in Table 2. Changes in pH and the concentration of total VFA over a 24 h 
period are also shown graphically in Figs 1. and 2 respectively.  
 
Following feeding the pH value for all diets showed a sharp decrease within the first 2 h 
and then showed little fluctuation up to 8 h. After that, it increased gradually and reached the 
prefeeding level 22 h after feeding. However, there were no significant differences (P>0.05) 
between diets in the observed mean pH of rumen fluid. The highest concentration of total 
VFA was observed in WPL diet (100% pellets) at 2 h after feeding. For all the other diets 
lower values were observed and appeared directly related to the ratio of the proportion of 
pellets in the diet. It was lowest in WCL diet, which was composed solely of chopped lucerne. 
However, analysis of variance showed that there were no significant differences (P>0.05) 
between the treatments in the total concentration of VFA and in the molar proportion of 
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individual VFA at different sampling times. The changes in the pattern of individual VFA 
over a 24 h period for all diets were also approximately the same. The ratio of acetate: 
propionate: butyrate was approximately 66: 22: 9 for all the diets and there were no 
significance difference between the diets. 
 
3.3. Chitin analysis 
 
The mean chitin components of the SRF and PLP samples for each diet measured at 
different times after feeding are given in Tables 3 and 4 respectively. In general, the amount of 
chitin (mg/g DM) in SRF samples was higher in the diet containing 100% chopped lucerne at 
most of the sampling times, although the variation between treatments was not statistically 
significant (P>0.05). Prior to feeding, the mean level of chitin in the SRF samples was 14.9, 
12.7, 12.9 and 13.7 mg/g DM for WCl, HCL, LCL and WPL diets respectively (Table3). It 
showed a relatively sharp decrease during the first 4h following feeding. Then it increased 
gradually until it reached the prefeeding level at 22h. Chitin content of SRF samples did not 
show any significant differences (P>0.05) between periods or between animals at different 
sampling times although the trend of diurnal changes was not always the same in all animals.  
 
Chitin content of associated plant particulate (mg/g DM) was lower (about one fourth) 
than that of the SRF in all of the samples and in all diets. The amount of chitin was between 
2.9 to 3.8 mg/g DM of samples prior to feeding. Following feeding, it decreased over the first 
4 h and then tended to increase, attaining the prefeeding level by 16 h. No significant changes 
in the level of chitin was observed after this time in any of the diets. The variations of chitin 
component in the PLP fraction between the diets were not statistically significant in any of the 
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sampling times and there were no significant differences (P>0.05) between experimental 
periods or between animals.  
 
3.4. In sacco degradability measurements  
 
The degradability characteristics of milled barely straw incubated in the rumen of sheep 
fed different diets are summarised in Table 5 and the fitted values for the dry matter 
disappearance at different incubation times are graphically shown in Fig. 3.  
 
Although the rate constant of c showed a tendency to decrease from WCL diet to WPL 
diet (P<0.05), there were no significant differences between the diets in the constant value of 
B, between the lag time T, and the residual standard deviation (Rsd). The mean lag time for 
the degradation curves varied from 3.2 to 4 h between the diets. Comparison of the fitted 
values of the proportional rate of dry matter disapearance between the treatments at different 
incubation times (4, 8, 16 and 24 h) showed a significant difference (P<0.05). The effective 
degradability (P) of the straw was affected by the diets. The differences in this factor between 
the treatments, assuming an equal outflow rate of 0.05 were statistically significant (P<0.05). 
The highest value (28.5 g/kg) was for WCL diet and the lowest (23.4 g/kg) for the WPL diet. 
 
4. Discussion  
 
4.1. Fermentation pattern of the rumen 
 
The length of time that the rumen pH remains below 6.0 has been used as an index of the 
extent of fibre digestion (Owens and Goetsch, 1986). A decline in the fungal population of the 
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rumen has been reported when the rumen pH fell below 6.0 (Grenet et al., 1989). In the 
current study, the rumen pH at different sampling times was almost always above the value 
6.0 in all of the treatments (Fig. 1) and so no significant reduction in fungal populations due to 
acidification would be expected. The pattern of VFA was also consistent with the pH results 
(Fig. 2) and the proportional value of individual VFA for all of the diets was approximately 
the same as that for a typical fermentation of a forage diet, at around 70:20:10 (France and 
Siddons, 1993). However, the proportion of propionate was slightly higher at the expense of 
acetate (Table 2). This is in contrast to the findings of Elliott et al. (1987) who indicated a 
decrease in propionic acid concentrations at the expense of acetic acid as a result of fungal 
activity. On reviewing several papers which investigated the effects of grinding on feed 
digestion, Weston and Hogan (1967) concluded that the level of VFAs in the rumen are as 
variable as the apparent effects of grinding. It can be concluded from these results that feeding 
pelleted rather than chopped lucerne does not affect the acidity of the rumen environment. 
 
4.2. Treatment effect on the fungal population 
 
As pointed out earlier, research on the estimation of fungal biomass in vivo is very limited 
and has mostly been based on direct counts of zoospores (Orpin, 1975) or direct microscopical 
observation of plant fragments for fungal colonisation (Grenet et al., 1989; Kostyukovsky et 
al., 1991). These studies indicate that the number and the activity of these microorganisms is 
dependent upon the type of diet.  
 
In the present experiment the level of feed intake and overall composition of the diets 
were designed to be the same and the only differences in the diets were the physical form of 
lucerne feedstuff. The passage of particles from the rumen is related to their size and density 
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(Faichney, 1986). It has been shown that the retention time for large particulate matter in the 
rumen is higher than that of small particles (Welch, 1986). This may in turn allow the fungi to 
colonise and grow at a higher rate on these larger particles. However, results of using chitin 
measurement as an indicator of fungal biomass did not show any significant differences 
between the four diets although there was always a higher level of measured chitin in both the 
SRF and PLP samples from WCL diet (100% chopped lucerne) compared to that of WPL diet 
(100% pelleted lucerne). The higher amount of chitin in the SRF compared with that of the 
PLP samples was also consistent with the data obtained from the previous experiment 
(Rezaeian et al. 2004). However this findings are apparently in contrast to the results of 
Obispo and Dehority (1992) who reported that about 70 – 86 % of fungal population are 
associated to particulate fraction. In our experiment the chitin have been assessed as mg/g DM 
of PLP and so the presence of undigested plant materials in the samples will reduce the chitin 
concentration compared to that of strained rument fluid samples. No superficial rhizoidal 
system, which are one of the chitin sources, have been observed in microscopical examnation 
of in situ plant particulate samples in the rumen (Roger et al., 1993; Rezaeian et al., 2004). 
This may be another reason for the lower chitin measurement from the PLP samples. 
Development of a practical method for separating embedded fungal biomass from within plant 
tissue may help to clarify these differences.   
 
4.3. In sacco degradability measurements 
 
Previous studies have found that diet influences the degradability measurements made 
using the dacron bag technique (Tisserand, 1989) and different values were obtained when the 
animals were on different diets (Garnsworthy, 1989). Because of this, Tisserand (1989) 
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suggested that by using standard forages such as straw it may also be possible to evaluate the 
effect of experimental manipulation on the rumen microbial population.  
 
In the present study barley straw was used as a standard and the effect of the mechanical 
processing has been investigated. The results of the rate and extent of straw degradability are 
comparable to those of Shand et al. (1988) and Orskov et al. (1990). However, differences 
between these results may be due to difference in the physico-chemical property of straw 
varieties.  
 
Differences in in sacco degradability parameters between varieties of barley straw have 
been reported by several authors (Ramanzin at al., 1986; Orskov et al., 1990). In the work of 
Ramanzin at al. (1986) some of these differences were attributed to differences in the 
proportion of leaf and stem, since the leaf fraction of the barley is more degradable than the 
stem. The low Rsd also indicates that the data fitted well to the exponential equation. The 
existence of a lag phase for the poor quality of forage has also been noted by Orskov et al. 
(1990). Although there were no statistically significant changes in both the potential 
degradation (B) and the lag time (T) between the four diets, the steady changes in the 
degradation curves of straw from WCL diet to WPL diet were apparent (Fig. 3). The 
significant differences (P<0.05) between both the proportionate loss of straw at 4, 8, 16 and 
24 h incubation times and the effective degradability (P) in WCL and WPL diets clearly 
indicates the higher rate of rumen digestion due to the microbial activities. The rate constant c 
in WCL diet was also higher than that of WPL diet (P<0.05).  
 
Higher percentages of dry matter loss of barley straw incubated for varying lengths of 
time in the rumen of sheep with a fungal population compared to that of sheep without 
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anaerobic fungi has been reported by Elliot et al. (1987). After the removal of anaerobic fungi 
from the rumen of sheep by a chemical treatment, Gordon and Phillips (1993) reported a 
significant decrease in fibre digestion which subsequently increased when the fungal cultures 
were restablished in the rumen. The digestion of fibrous materials in the rumen is mostly 
attributed to both bacterial and fungal populations (Akin and Borneman, 1990; Fonty and 
Gouet, 1994). In the present study, although the population density of rumen bacteria was not 
evaluated, the higher rate of straw degradability together with the higher amount of chitin in 
the SRF samples from the sheep fed WCL diet (100% chopped lucerne) compared to that of 
WPL diet (100% pelleted lucerne) suggests that the anaerobic fungi may be more responsible 
than bacteria for this variation. If so, it may be concluded that the development of anaerobic 
fungi in the rumen is influenced by the physical form of the diet in which the feedstuffs with 
longer particle size may enhance the growth of these microorganisms. Interactions between 
rumen protozoa, bacteria and fungi have also been studied, and indicated the protozoal 
ingestion of bacteria and fungal zoospores reduce their numbers in the rumen (Joblin, 1990). 
Whether the differences in the degradation of straw and in the level of chitin in the rumen of 
animals fed different diets is a consequence of these interactions on fungal populations needs 
to be elucidated.  
 
5. Conclusion  
 
Rumen pH and the pattern of volatile fatty acids were not affected by the physical form of 
the diets containing different portions of chopped and pelleted lucerne. The chitin content of 
the digesta samples also did not show significant changes although it was generally higher in 
the diet with 100% of chopped lucerne (WCL) and lower with the diet of totally pelleted 
lucerne (WPL) in both SRF and PLP fractions. Higher amount of chitin was measured in SRF 
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fractions compared to that of PLP samples. There were also significant differences in both the 
rate of straw degradation and the effective degradability between the WCL and WPL diets. 
From the results of the chitin measurement and straw degradability, it may be concluded that 
fungal development in the rumen may be affected by the physical form of diet and that 
feedstuffs which have larger particle sizes may stimulate their activities. 
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Table 1. Chemical composition of lucerne 
Lucerne  DM (g/kg) and 
composition (g/kg DM) Chopped  Pelleted 
Dry matter 835 885 
Organic matter  928 917 
Crude protein  139 162 
Neutral detergent fibre 477 421 
Acid detergent fibre 357 319 
Acid detergent lignin 94 60 
Values are mean of three replicates. 
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Table 2. Mean values of pH, VFA concentration and the molar proportion of individual VFA 
in the samples taken from the rumen of sheep fed diets consisting different portions of 
chopped or pelleted lucerne. 
 Diets  
Items WCL HCL LCL WPL SE 
pH 6.55 6.47 6.43 6.39 0.047 
VFA concentration (mM)      
Total VFA  113.5 118.1 115.8 115.7 2.40 
Acetate  74.9 77.2 75.5 75.9 1.95 
Propionate  24.9 26.3 25.3 24.9 0.91 
Butyrate  9.2 10.1 10.7 11.0 0.59 
Isobutyrate  1.4 1.5 1.3 1.2 0.07 
Valerate  1.3 1.5 1.4 1.2 0.07 
Isovalerate  1.7 1.8 1.6 1.4 0.08 
Molar proportions (%)      
Acetate 66.2 65.3 65.2 65.7 0.71 
Propionate 21.8 22.2 21.9 21.5 0.57 
Butyrate 8.2 8.6 9.2 9.6 0.58 
Isobutyrate 1.2 1.2 1.1 1.0 0.07 
Valerate 1.1 1.2 1.2 1.0 0.05 
Isovalerate 1.5 1.5 1.4 1.2 0.79 
Each value is the mean of four animal observations (each observation is the mean of 6 
samples taken over 24 h) except for WCL diet which is the mean of three animal observations. 
WCL, whole chopped lucerne; HCL, high chopped lucerne, LCL, low chopped Lucerne, 
WPL, whole pelleted lucerne   
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Table 3. Chitin component (g/kg DM) of the strained rumen fluid over a 24 h period in the 
sheep fed diets consisting different portion of chopped or pelleted lucerne. 
Time after Diets  
feeding (h) WCL HCL LCL WPL SE 
0 14.9 12.7 13.7 13.7 1.15 
2 14.3 12.7 13.3 13.4 0.73 
4 13.0 12.1 12.7 12.2 0.81 
8 13.4 12.8 13.1 12.5 0.49 
16 14.0 13.4 13.2 13.7 0.97 
22 15.4 14.4 13.0 13.5 1.42 
WCL, whole chopped lucerne; HCL, high chopped lucerne, LCL, low chopped lucerne, WPL, 
whole pelleted lucerne   
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Table 4. Chitin component (g/kg DM) of the plant particles over a 24 h period in the sheep 
fed diets consisting different portions of chopped or pelleted lucerne. 
Time after Diets  
feeding (h) WCL HCL LCL WPL SE 
0 3.8 2.9 3.6 3.5 0.32 
2 2.7 2.6 2.8 2.7 0.43 
4 2.7 2.6 2.6 2.6 0.28 
8 3.3 3.2 3.2 3.2 0.41 
16 3.6 3.4 3.3 3.3 0.39 
22 3.9 3.5 3.1 3.4 0.38 
WCL, whole chopped lucerne; HCL, high chopped lucerne, LCL, low chopped lucerne, WPL, 
whole pelleted lucerne   
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Table 5. Degradability characteristics of barley straw incubated for various times in the rumen 
of sheep fed diets consisting different portions of chopped or pelleted lucerne. 
Incubation Diets   
time (h) WCL HCL LCL WPL SE Sig. 
DM disappearance (g/kg) 
4 124a 109b 111b 111b 2.6 * 
8 188a 162b 161b 151b 2.8 * 
16 291a 252ab 246b 222b 82 * 
24 369a 324ab 316ab 283b 11.5 * 
48 504 467 459 420 16.0 NS 
72 562 545 540 509 20.2 NS 
Degradability parameters 
A 110 110 110 110 0.0 NS 
B 490 532 541 573 42 NS 
A+B 600 642 651 683 42 NS 
c 0.037a 0.027ab 0.025ab 0.019b 0.030 * 
T (h) 3.2 4.0 4.0 3.9 0.19 NS 
P 280a 261ab 252ab 232b 7 * 
Means within the same row with different superscripts are significantly different (P<0.05). 
WCL, whole chopped lucerne; HCL, high chopped lucerne, LCL, low chopped lucerne, WPL, 
whole pelleted lucerne; A; Washing losses; B, Potential degradation; c, Rate constant of B; T, 
Lag time; NS; non significant; P, Effective degradability; *, P< 0.05. 
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Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Changes in the pH of samples taken from the rumen of sheep fed diets consisting different portions of chopped or pelleted lucerne over 24 
h period. WCL, whole chopped Lucerne; (HCL, high chopped lucern; LCL, low chopped lucerne;  WPL, whole pelleted lucerne).   
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Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Changes in the concentration of VFA samples taken from the rumen of sheep fed diets consisting different portions of chopped or pelleted 
lucerne over 24 h period. (WCL, whole chopped lucerne; HCL, high chopped lucern; LCL, low chopped lucerne; WPL, whole pelleted lucerne).  
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Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The in sacco dry matter disappearance of barley straw incubated for different times in 
the rumen of sheep fed diets consisting different portions of chopped or pelleted lucerne. 
(WCL, whole chopped lucerne; HCL, high chopped lucern; LCL, low chopped lucerne; WPL, 
whole pelleted lucerne). 
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